This observational study investigated which of the three most common definitions of intraoperative hypotension (IOH), reported in a published systematic literature review, were associated best with anaesthetists' administration of antihypotensive medication (AHM). IOH and AHM use in anaesthetic procedures in a mixed surgical population (n = 2350) were also reviewed. The definitions were: arterial systolic blood pressure (SBP) < 100 mmHg or a fall in SBP of > 30% of the preoperative SBP baseline; arterial SBP < 80 mmHg; a fall in SBP of > 20% of the preoperative SBP. Accuracy of predicting AHM using these three definitions was 67%, 54% and 65%, respectively. Prediction by a new fourth definition, using an optimal threshold of minimal SBP falling to < 92 mmHg or by > 24% of preoperative baseline, was 68% accurate. In multivariate logistic analysis, age, volatile versus intravenous anaesthetics, medical history of arterial hypertension and all four definitions of IOH were associated with intraoperative AHM, however IOH was not associated with postoperative in-patient stay. The three original definitions correlated poorly with the anaesthetist's judgement about applying AHM. Anaesthetists make complex decisions regarding the relevance of IOH, considering various perioperative factors in addition to SBP. Age, physical status and duration and type of surgery showed better correlations with postoperative in-patient stay than IOH.
Introduction
Intraoperative hypotension (IOH) is a common side-effect of anaesthesia 1,2 and contributes to adverse anaesthesia-related perioperative outcomes. Stroke, 3 -6 myocardial ischaemia or infarction, 7 postoperative cognitive dysfunction and other adverse outcomes, including mortality, *These authors contributed equally to this work. Intraoperative hypotension and use of antihypotensive medication have been considered to be significantly influenced by IOH states. 8 -12 There are, however, various definitions of IOH. 7,12 -14 Although measuring intraoperative arterial blood pressure (BP) is a mainstay of anaesthesia monitoring that is implemented in practice guidelines worldwide, 15 there is no standard for interpreting intraoperative BP and the consequences of intervention. Bijker et al. 16 documented the range of published IOH definitions and their influence on the frequency of IOH. Counteracting hypotension has not been shown to ameliorate outcome, although interventions such as vasopressor use, 14,17 -20 volume challenges, 13, 21 tilting the operating table and leg wrapping, 13,21 -23 and lightening the anaesthesia are common preventative or therapeutic measures. Therapeutic means of counteracting hypotension have been incorporated in some IOH definitions, 1,2, 24, 25 but their relationship with the common definitions of IOH used in the literature has not been systematically studied.
The present study aimed to investigate whether documented IOH, according to the three most common definitions in the literature, 16 coincided with the use of antihypotensive medication (AHM) in a mixed non-cardiac population in a university department. In addition, the study aimed to investigate which of several BP thresholds had the best performance in predicting AHM and to check for any associations between perioperative factors and postoperative in-patient stay.
Patients and methods PATIENTS
Data from a consecutive cohort of adult patients who underwent surgery under general anaesthesia between January 2006 and June 2007 at the Charité-Universitätsmedizin Berlin, Berlin, Germany were analysed retrospectively. All patients had received pre-, peri-and postoperative treatment, as specified in the standard operating procedures of the Charité-Universitätsmedizin Berlin. 26 Characteristics of the patients -including demographic data, American Society of Anesthesiologists physical status, body mass index, previous history of hypertension (defined as use of antihypertensive therapy), anaesthetic regimen, intraoperative parameters, duration of anaesthesia, surgery and recovery, incidence of adverse events and mortality -were analysed. Patients who received anaesthesia but who recovered in locations outside the operating theatre or recovery room (e.g. after angiography, endoscopy or electroconvulsive therapy, or patients transferred to intensive care or a high-dependency unit) and those who underwent cardiac surgery were excluded from this study.
The study was approved by the Ethics Committee of the Charité-Universitätsmedizin Berlin.
PATIENT MONITORING
During the period of anaesthesia (including induction and emergence after wound closure), non-invasive automatic BP monitoring devices were cycled at least every 5 min, with more frequent measurements obtained as indicated according to the standard operating procedures of the 
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M Franck, FM Radtke, C Prahs et al. Intraoperative hypotension and use of antihypotensive medication BP (SBP) at the preoperative consultation in the anaesthesia clinic, minimal perioperative SBP and AHM delivery. Anaesthetists were unaware that their anaesthesia records would be selected for analysis. The Charlson comorbidity index was calculated using the algorithm by Quan et al. 27 
DEFINITIONS OF IOH AND INTERVENTIONS
The present study used the three most common definitions of IOH that were identified in a systematic review of articles published between 2000 and 2006 in the four specialist journals with the highest impact factors in 2004 (Anesthesiology, British Journal of Anaesthesia, Anaesthesia and Anesthesia & Analgesia). 16 The definitions were: definition 1, arterial SBP < 100 mmHg or a fall in SBP of > 30% of the preoperative SBP baseline (11 citations, 7.9% of searched articles); definition 2, arterial SBP < 80 mmHg (10 citations, 7.1% of searched articles); and definition 3, a fall in SBP of > 20% of the preoperative SBP (18 citations, 12.9% of searched articles). These three definitions are summarized in Table 1 . Decreasing in citation count, the next six definitions were shared by 27.2% of the searched articles and the remaining 39 definitions were shared by 45% of the searched articles. 16 Inotropic and vasopressor medications given as interventions for IOH were theoadrenaline/cafedrine, etilefrine, noradrenaline, dopamine and dobutamine, either alone or in combination, administered as specified in the local standard operating procedures of the Charité-Universitätsmedizin Berlin. 26 
STANDARD OPERATING PROCEDURES
Anaesthesia was induced according to the local standard operating procedures 26 using thiopental, propofol, midazolam or etomidate (depending on the indications), in combination with fentanyl or remifentanil, followed by neuromuscular block to facilitate tracheal intubation. Anaesthesia was maintained by total intravenous anaesthesia with propofol or volatile anaesthetics using one agent (desflurane, isoflurane or sevoflurane). Patients received nitrous oxide at the discretion of the individual anaesthetist in charge. The anaesthetist was free to use standard regimens of opioid analgesics and muscle relaxants as required.
STATISTICAL ANALYSES
Descriptive statistics were computed for all study variables. After confirmation of normal distribution, discrete variables were Intraoperative hypotension and use of antihypotensive medication expressed as counts (percentages) and continuous variables as medians (interquartile range). Because of deviations from the normal distribution, a nonparametric statistical test, Fisher's exact test, was used for frequencies and the Mann-Whitney U-test for continuous variables. Diagnostic test performance of the definitions of IOH (with respect to AHM) was evaluated by receiver operating characteristic (ROC) curve analysis and Cohen's κ. Absolute and relative cut-off levels for minimal SBP values (with respect to AHM) were calculated by ROC curve analysis, providing a maximal Youden index. After incorporating these cut-offs a proposed fourth definition was derived. The sensitivity and specificity of each definition were compared using McNemar's test and 95% confidence intervals were calculated for all the statistical quantities. A value of P < 0.05 was considered statistically significant. The P-values obtained were considered as exploratory and, therefore, no multiple adjustments were made. Cohen's κ, univariate analysis and multiple logistic regression were used to determine the accuracy with which the three most common definitions of IOH (and also the fourth proposed definition) predicted AHM and which other factors were involved. In addition, correlation between the hypotensive state and increased postoperative in-patient stay was checked. Data were analysed using SPSS ® software, version 15 (SPSS Inc., Chicago, IL, USA).
Results
In total, data for 2350 patients were analysed: 1466 (62.4%) experienced IOH according to definition 1, 124 (5.3%) according to definition 2 and 1477 (62.9%) according to definition 3 (Fig. 1) .
The area under the ROC curve for minimal BP recordings with respect to AHM was 0.74, with SBP of 92 mmHg discriminating best between the groups. The area under the ROC curve of the percentage fall in BP with respect to AHM was 0.72, a fall of 24% being the optimal threshold. Combining the calculated thresholds, definition 4 (Table 1) The accuracies in terms of predicting use of AHM were 67% (definition 1), 54% (definition 2), 65% (definition 3) and 68% (definition 4) ( Table 2) . Definition 1 was the most sensitive of the three original definitions in this respect, although the 68% accuracy of the new definition 4 was a slight improvement and it had a slightly higher Cohen's κ. Definition 2 was the most specific (99%). Table 3 summarizes the demographic, peri-and postoperative characteristics of patients categorized into those receiving or not receiving AHM. Univariate analysis showed that patients treated with AHM differed significantly from untreated patients in many parameters, including postoperative in-patient stay (Table 3) . Univariate analysis of length of postoperative in-patient stay according to the various definitions of IOH also showed significantly longer postoperative in-patient stay in IOH patients compared with those with no IOH, except for definition 2 (Table   4 ). Multivariate logistic analysis considering patient age, physical status, and duration and type of surgery, did not, however, confirm any significant correlation of the various definitions of IOH and length of postoperative in-patient stay.
In multivariate logistic analysis, independent predictors of AHM administration by the anaesthetist were anaesthetic medication (volatile versus intravenous), age, past medical history of arterial hypertension and all four definitions of IOH (P < 0.001 for all variables).
Discussion
The most important finding of the present study was that documented IOH, according to any of the three most common literature definitions of IOH, 16 was not always associated with the administration of inotropic or vasoactive medication. Although it is reassuring to note that AHM was administered in 99% of instances when patients developed severe forms of IOH, with low absolute values (e.g. those that met the strictest definition of IOH [definition 2, i.e.
Parameter
Definition 1 In the present study a new BP definition was tested that had better performance in predicting AHM (68% accuracy), and an association was found between AHM use and many different perioperative factors. The decision-making process is complex and the anaesthetist's reaction to a patient who develops IOH is based on more information than BP alone (e.g. comorbidities, age and long-term medication). Although no studies have investigated this, it may be that an anaesthetist would be more hesitant to use AHM in a young, healthy patient with IOH than in an elderly patient with several comorbidities.
Significant differences were found in the numbers of patients receiving certain preoperative medications between patients who did or did not receive AHM during surgery. An increased incidence of perioperative hypotension in patients treated with angiotensin-converting enzyme 26 ACE, angiotensin-converting enzyme; ASA, American Society of Anesthesiologists; TIVA, total intravenous anaesthesia; NS, not statistically significant (P > 0.05).
TABLE 3 (continued):
Demographic, peri-and postoperative characteristics of patients undergoing general surgery categorized into those receiving or not receiving antihypotensive medication for intraoperative hypotension Intraoperative hypotension and use of antihypotensive medication inhibitors has been reported. 28, 29 In the patient population of the present study, an independent effect of preoperative systemic hypertension on the decision to use AHM was confirmed when preoperative AHM was considered a surrogate for the diagnosis. An association between hypotension after spinal anaesthesia induction and hypertension in the past medical history has also been previously shown. 21 The effect of increased age on the occurrence of hypotension was reported several years ago 30 and has been confirmed by others 1,31 as well as shown in the present study. The minimal improvement in accuracy when definition 1 (67%) was compared with definition 4 (68%) shows a limitation in detecting IOH based on documented BP alone.
The findings of a systematic review by Bijker et al. 16 were also confirmed in the present study, in that the different definitions of IOH greatly influenced the frequency of IOH. The studies reviewed by Bijker et al. 16 reported frequencies of 5 -99%, compared with 5.3 -62.4% in the present study. Although the definitions used in the studies reviewed by Bijker et al. 16 were the same as those used in the present study, there were some large differences in IOH frequency amongst these studies. For example, Aya et al. 32 found frequencies ranging from 16.6% to 53.3% for definition 1 when investigating hypotension during spinal anaesthesia, whereas the frequency was 62.4% with the same definition in the present study. In addition, a study published in 2005 33 quoted a frequency of IOH, according to definition 3, of 6 -8%, which is considerably different from the present study's finding of 62.9%.
Such variations may be caused by differences in patient characteristics, such as comorbidities and the type of anaesthetic. In the study of spinal anaesthesia by The four definitions are given in Table 1 . b Comparison of length of postoperative in-patient stay for patients with versus without intraoperative hypotension for each definition.
TABLE 4:
Comparison of length of postoperative in-patient stay for patients (n = 2350) in this retrospective study of antihypotensive use, according to the three most common definitions of intraoperative hypotension (definitions 1 -3) reported in a published systematic review 16 and the definition (definition 4) proposed in the present paper Intraoperative hypotension and use of antihypotensive medication Kawamata et al., 34 in which different concentrations of lidocaine were compared, four of 63 patients (6.4%) experienced IOH according to definition 2, which is close to the incidence of 5.3% found in the present study.
In the paper by Bijker et al., 16 clear frequency figures were given only for definitions 2 and 3. For definition 2, they found a range of 7.4 -41.2%, which is above the 5.3% of the present study and that for definition 3 was 78.3 -93.3%, well above the present study's value of 62.9%. The definitions in Bijker et al., 16 however, included minimal time periods for BP values to remain below the applied threshold. Consequently, it is problematic to compare the resulting incidences with the present findings. Furthermore, the data of Bijker et al. 16 were collected by an electronic anaesthesia record-keeping system whereas, in the present study, the data were obtained from handwritten anaesthesia records. The lower incidences of the present study may be explained, in part, by the mode of data collection, as Benson et al. 35 found a considerable deficit in adverse event reporting in handwritten anaesthesia records compared with automatically collected data.
In the present study, IOH-related adverse outcomes were not assessed, so a significant link between IOH states and increased postoperative in-patient stay could not be shown.
Several limitations of the present study may have influenced the results. First, the process of documenting BP values manually in anaesthesia records and entering them at a later time into the research database may have reduced the accuracy of the data and led to an increased error rate. Secondly, the exact moment when the anaesthetist opted for AHM cannot be accurately determined; a time lag between the decision and the application of AHM might be relevant. Thirdly, using minimal BP as a proxy parameter to indicate how severely BP fell before the anaesthetist reacted means that a slight reduction in BP for an extended period, as opposed to a brief but marked change in BP, would be missed. In addition, BP falling for a very short time period could have gone undetected. Because of the retrospective design of the present study, no clear inference regarding a causal link between antihypotensive states (irrespective of the IOH definition) and outcome parameters may be drawn.
Although BP monitoring was one of the first monitoring techniques to be included in practice standards for anaesthetic care, research has shown that hypotension (including IOH), in conjunction with other covariates, has an adverse effect on outcome. 12, 36 Definitions of IOH and the resulting frequencies of the condition vary widely, 16 and data comparability between publications is, therefore, rarely possible. A common approach to diagnosing IOH would be helpful.
In clinical practice, BP should be evaluated within the clinical context, not as a stand-alone parameter. There is no rigid formula to determine the threshold for IOH in all patients; physical status and further precipitating factors need to be considered individually. Before every anaesthetic, therefore, the anaesthetist needs to adapt the alarm limits on the monitor to suit the individual patient.
In conclusion, the three most common definitions of IOH do not correlate well with the application of AHM. Even an optimized combination of minimal SBP and relative fall in SBP from the preoperative baseline does not yield significantly better agreement. Anaesthetists make complex decisions when treating IOH: in addition to the three most • Received for publication 17 January 2011 • Accepted subject to revision 26 January 2011
• Revised accepted 7 April 2011 Copyright © 2011 Field House Publishing LLP common definitions for IOH, other relevant perioperative factors are considered. These include the patient's age and previous history of hypertension, and the type of anaesthetic medication (i.e. volatile versus intravenous). Age, physical status, duration of surgery and type of surgery showed better correlations with postoperative length of stay than IOH.
